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MILITARY SPECIFICATION

CAPACITORS, CHIP, FIXEO, TANTALUM, ESTABLISHED RELIABILITY,
GENERAL SPECIFICATION FOR

This specification is approved for use by all Depart-
■ ents and Agencies of the Oepartnent of Oefense.

1. SCOPE

This specification covers the general requirements for established
reii~bi%”tantal.., fixed, chfp capacitors, prtmarfly intended for use fn thick
and thin film hybrid circuits for filter, bypass, coupling, and other ●ppl ications
where the alternating current (acl cemponent is SS?ll compared to the direct current
(de) rated V01ta9e and where supplemental soisture protection is ovailable (see
6.1). These capacitors have reliability ra~ings established on the basis of life
tests performed at specified voltage at +85 C for faflure r~te (FR) levels ranging
from:

a. 1.0 percent per 1,000 hours to 0.001 percent per 1,000 hours in accordance
with KIL-s TO-690. These FR levels ● re ●stabl ished at a 60-percent
confidence level and are ❑aints+fned at a 10-percent producer’s risk
[Exponential distribution).

b. 0.1 percent per 1,000 hours to 0.0001 percent per 1,000 hours [1 FIT) Al at
a 90-percent confidence level (Uei bull distribution].

1.2 Class if fcatl on. Capacitors covered by this specification are classified by
the styTe, as speci~ ed (see 3.1).

1.2.1 T pe designation. The type designation shall be In the following form, and

a

4s $perif ed [see 3.1).
1,

CUR06 225
~ ~ ~ ~ ~ ~

I I I I I [
I I I I I I

St 1 Y It Termination
[1.2:1!1)

Capaclt ante
(1:2.:::)

Capacit ante FR level
finish (1.2.1.4) tolerance

(1.2.1.3)
(1.2.1.6)

(1.2.1.5)

The style is identified by the three-letter symbol “CUR”, followed
by1;2i;;!df&&ber; the letters fdentffy ●stablished reliability, ta”talUm. fixed,
chip capacitors, and the number identifies the design of the capacitor.

The voltage (rated, derated, and surge) is identified by a Sln91e
l,;i:;’i: Sw”table 1.

~ = failure unit . one failure per 109 device hours.

lB enetlc$al comments irecoemendatlons, additions, delett Onsl and any pert fnent datar
I#hlch ●aY be of use in improving this document should be addressed to: US Army
laboratory Command, Fort 140nmouth, NJ 07703-5302, by usfng the self-addressed i

●
lStandardizatfon Oocument lmprosenent Proposal (OO Form 1425) appearing at the end I

~. Iof document or by letter.

ANSC NIA FsC 5910
oIS7RIBUTION STATEMENT A. Approved for public release; distribution Is unlimited.
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TABLE I. w.

Vol tage

Rated (+85-C) i Derated (+125” C)

volts, dc I Volts, 4C

/
: ;::
4 2.1
6 [ 4.0

1: ;;:I
12
15 I 1:::

13.0
:: / 17.0

20.0
35 I 23. o
50 33.0

I

surge [+85”C)

To Its, dc

:::

:::
10.0
13.0
16.0
20.0
26.0
32. o
39.0
46.0
65. o

1.2. 1.3 Terninatton finish. The termination finish ts Identified by a
letter, as ?ol lows:

A -- - - -- - - - - Solder-coated nickel
B----------Gold
c-- - - -- - - - - Solder-coated gold
o- -- - -- - -- - Solder-coated alloy 725

ingle

!.? .1,4 Cnpac!tancp. The !?w{nal ca))4cit+~CC v<]~e, ??.pWSSPd !!? ~tCOf2?4L!S !~~!,
is identified b tn ree-digit number; the first two digits represent significant
figures and theyl; st digit specifies the number of zeros to follow.

1.2. 1.5 Capacitance tolerance. The capacitance tolerance is identified by a single
letter as s}own in table 11.

TABLE 11. Capacitance tolerance.

I SY5bOl / CaDacltanCe tOleraIICe
I

i

i;i

IMI
1:
20

I

I

●-)

1.2. 1.6 Failure rate (FR) level. The FR level (based on life tests performed at
specified volt age) 1s iaentltlea by a single letter as shown in table 111.
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TABLE 111. FR level.

I
i I Exponential FR level
\ Symbol I 60Z confidence level - unit /

I hours totaled from several I
i I lots.

I I % per 1,000 hrs I
f

1)s1 1.0

Ii. ! ::;1 /
1s1 0.001

1~1
tieibull FR level

I 90% confidence level - unit !
/ I hours total per each lot I

, ,
% per 1,000 hrs I

I I
B 0.1 /

IC / 0.01
0.001

~ ! / 0.0001 /

2. APPLICABLE OOCLWNTS

o 2.: GoY’2rn=cn: dccucerr:s.

(,
2. 1.1 Specifications and standards. The following specifications and standards

form a part of this specif icatlon to the extent specified herein. Unless otherwise
specified, the issues of these documents shall be those listed in the issue of the
Department of Oefense Index of Speclficatfons and Standards (0001SS) and supplement
thereto, cited In the solicitation.

SP1CXF1CATIONS

FEoERAL

QQ-s-571

MILITARY

141L-c-39028
MI L-C-65365/2

uIL-C-55365/4

MI L-c-5536517

000-C-5536518

STANDAROS

MILITARY

KIL-STO-1O5

MI L-STD-202

MI L-sTO-690

- Solder, Tin A11oY: Tin-Lead Alloy; and Lead AI1oY.

- Capacitors, Packaging of.
Capacitors, Chip, Fixed, Tantalum,
ability, Styles CUR03 ●nd CURD4.

- Capacitors, Chip, Fixed, Tantalum,
abilfty, Styles CUR06 and CMR09.

- Capacitors, Chip, Fixed, Tantalum,
ability, Style CNR1O.

- Ctpacftors, Chip, Ffxed, Tantalum,
ability, Style CIAR1l.

- Sampling Procedures and Tables for
Attributes.

Established Reli -

Established Reli -

Established Reli -

Eitabl ished Reli -

Inspection by

Test Methods for Electronic and Electrical COmpOnent
Parts.

- Failure Rate Sampling Plans and Procedures.

3
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141L- STD-790 - Reliability Assurance Program for Electronic Parts Speci-
fications.

0
)

MI L-s TLI.1276 - Leads, Ueldable, For Electronic Component Parts.
MI L- STO-1285 - Marking of Electrical and Electronic Parts.

(Copies of the specifications and standards required by contr&ctors in connection
with specffic acquisition functions should be obtained from the contracting activity
or as directed by the contracting activity. )

2.2 Order of precedence. In the event of a conflict between the text of this
specification and the references cited herein (except for associated detail specifica-
tions, specification sheets or MS standards), the text of this specification shall
take precedence. Nothing in this specification, however, shall supersede applicable
laws and regulations unless a specific exemption has been obtained.

3. REQUIRLMENTS

3.1 SpeCifi Catf On sheets. The individual ites requirements shall be as specified
herein and in accordance w(th the applicable specification sheets. In the event of
any conflict between requirements of this specification and the specification sheets,
the latter shall govern (see 6.2).

3.2 Qualification. Capacitors furnished under this specification shall be products
which are qualified for listing on the applicable qualified products list at the time
Set fOr Open~ng Of bids (see 4.4 and 6.3]. Unless acquired from the manufacturer or
hfs authorized distributor listed or approved for listing on the qualified products
list, parts furnished under this specification shall not be considered as having met
the requirements of this specification.

Reliability of capacitors furnished under this specification
sh~i; b$%%%%~d and ■aintained in accordance with the procedures and requirements
specified in MI L- STD-790 and NIL- ST O-690 with details specified in 4.1.1, 4.4.4, and
4.5. The reliability rating is identified by the following FR level symbols:

Exponential FR level II Ueibull FR level
m (% per 1,000 hrs) \j

*
W?!!!l (3 Per 1,000 hrs)

n
P
R
s

1.0
0.1
0.01
0.001

ii
II
II
II

0.1
0.01
0.001
0.0001 (1 FIT)

3.4 Materials. Materials shall be as specified herein. However, when a definite
❑aterial !s not specified, a ❑aterial shall be used which will enable the capacitors
to ❑eet the performance requirements of this specification. Acceptance or approval
of any c0n5t$tU@nt ❑aterial shall not be construed as a guaranty of the acceptance of
the finished product.

3.5 Design and construction. Capacitors shall be of the design, construction, and
physical Imensions specif fed (see 3.1).

3. 5.1 Body structure. The body structure shall be ●ither of the encapsulated or
unencapsuls. ted form (see 3.1).

3.5.2 Term fnals. Terminals shall be of a solfd conductor, of the dimensions $pecj.
fled [see 1], and, ●XCept for style CUR05, shall be suitably treated to facilitate
SOlde Ffng. “When speciffed (see 3.1), terminals shall conforn to type N3 of
MI L-STD-1276.

3.6
Capacf

Y01ta9e d9fn9 (exponential only). Mhen tested
tors shall ●eet the fol lowing requirements:

as specified in 4.7 .3,

OC leakage ------ . . . Shall not exceed the requirement specified in 3.7.
Capacitance. - . . - - . . - Shall be within the tolerance specified (see 3.1).
Dissipation factor - . - - - Snail not exceed the requirement specified in 3.9.

Uhen ●easured as specified in 4.7.4, the dc leakage shall not
ex~i;d !%&$!%,ble “.,”, specified (S.2, 3.1).

●,
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3.8 Capacitance. Uhen ■easured as specified in 4.7.5, the capacitance shall be
within the applicable tolerance specified (see 3.1).

3.9 Dfsstpatlon factor. Uhen ●easured as specified in 4.7.6, the dissipation
factor shall not exceed the value specif~ed (see 3.1).

3,10 Vfbratfon, high fre uenc .
there shall

Uhen ca acftors ire tested as specified in 4.7.7,
be no fntermltt ~nt c~”tacts of 1.5 .illfs.?cond (ns) or ,greater duration,

or arcing or other indication of breakdown, nor shall there be any open- or short-
clrculting or evidence of ●echan{cdl daaage.

3.11 Thermal shock. Uhen tested as spectffed in 4.7.8, capacitors shall ■eet the
following requirements:

Dt leakage -------- Shall not axceed the requirement specified in 3.7.
Capacitance- - - - - - - - Shall change not ■ore than ●5 percent from the

initial ■easured v+lue.
Oissfpdtton factor - - - - Shall not ●xceed the requirement specified in 3.9.
Visual examination - . - - There shall be no evidence of harmful corrosion,

●echanical damage, or obltteratfon of ●arking (if
applicable).

3.12 Resistance to soldering heat. When capacitors are tested as specified in
4.7.9, there shall be no evid ence of ●echanical damage.

3.13 Terminal strength (when specified, see 3.1). Uhen Capacitors ●re tested as
specified in 4./.10, here shall be no Ioosenlng of the terminals or peraanent damage
to the terminals.

3.14 Moisture resistance. Uhen tested as specified in 4.7.11, capacitors shall
meet the fol lowing requirements:

DC leakage -------- Shall not exceed 200 percent of tne requirement
specified in 3.7.

Capacitance- . - . . - - - Shal 1 chtnge not core than ●15 percent from tne
Inittal ■easured value.

Dissipation factor - - - - Shall not exceed’ 150 percent of the requirement
specified in 3.9.

Visual examination . - - - There shall be no ●violence of harmful corrosfon,
■echanical dawage, or obliteration of ●arktng [if
aPpllcablel.

3.15 Stability at low and high temperatures. When tested as specified in 4.7.12,
capacitors shall ❑eet the foil owing requirements:

Step 1 (+25-C):

OC leakage ------- Shall not exceed the applicable value specified
(see 3.1).

tapac(tance- . - - - . - Shall be within tolerance of the nominal value
specified (see 3.1).

Dissipation factor - - - ~g;~13n:f exceed the spplicdble value specified
. .

Step 2 (-55” C):

Capacitance- . . . - - - Shall change not ●ore than the applicable value
specified [see 3.1) fro, the step 1 ●easured value.

Dissipation factor - . - Shall not ●xceed the applicable value specified
(see 3.1).

Step 3 I+25” C):

OC leakage ------- Shall not exceed the applicable value specified
(see 3.1).

Capacitance. - - - - - - Shall change not ■ore than *5 percent from the step
1 ■easured value.

Dissipation factor - . - Shall not exceed tne requirement specified +n 3.9.

5
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step 4 (+85” C):

DC leakage -------

C&pac\tance. . - - - - -

Dissipation factor - - -

Step 5 (+125-C):

DC leakage -------

Capacitance- - . - - - -

Dissipation factor - - -

Step 6 (+25” C):

DC leakage -------

Capacitance- - - - - . -

Dtsst pation factor - - -

Shall not exceed the applicable value specified
[see 3.1).
Shall change not ■ore than the applicable value
specified (see 3.1) from the step 1 ■et.sured value.
Shall not exceed the requirement specified in 3.9.

Shall not ●xceed tne ●pplicable value specified
(see 3.1).
Shall change not ●ore than the applicable value
specified [see 3.1) from the step 1 ■easured value.
Snail not ●xceed the ●ppl icable value specified
(see 3.1).

Shall not exceed the applicable value specified
(we 3.1).
Shall chan~e not ●ore than the applicable value
specified (see 3.1) from the step 1 ■easured value.
Shall not ●xceed the requirement spec{fied in 3.9.

●

3.16 Surge voltage (exponential only, see 3.11. When tested as specified in
4.7.13, capacitors shall ●eet the following requirements:

DC leakage -------- Shall not ●xceed the requirement specified in 3.7.
Capacitance- . - - - . . . Shall change not ■ore than the applicable value

specified [see 3.1) from the Init{al ■easured value.
Dissipation factor . . . - Shall not exceed the requirement specified in 3.9.

3.17 Life (exponential only, see 3.1). Uhen capacitors are tested as specified f.
4.7. i4, tnere shal I be no evidence of_%’iirmful corrosion, or obliteration of ❑arking 0
(if applicable) mechanical damage, intermittent shorts, or peraanent shorts or opens.

3. 17.1 Qualification $nspecti on. Mhen tested as specified in 4.7.14, capacitors
shall meet the following requirements:

At +25” C:

DC leakage -------

Capacitance. - - - - - -

Dlss$pation factor - - -

At +85-C:

DC leakage -------

At +12S” C:

Dtleak.sge ------ -

Shall not ●xceed the ●pplicable value specified
(see 3.1).
Shall change not more than the applicable value
specified (see 3.il from the value obtained when
measured as specified ~n 4.7.5.
Shall not exceed tne applicable value specified
(see 3.1).

Shall not exceed tne applicable value specified
(see 3.1).

Shall not exceed the applicable value specified
(see 3.1).

6
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3.17.2 QURlftY conformance fnspect~on.

3.17.2.1 For group A fnspect{ on. Hhen tested as spec{f{ed <n 4. 7.3 or 4.7.1),
exponential or Ueibull .ss ap licable, capacitors shall ●eet the requirements specified
fn 3.6 or 3.20. !de fbull FR eve] grading data from the inspection lot that ■eets the
requirements of 4.1.17 and 3.20 shall be accepted in I$eu of group B inspection data.

3.17.2.2 For group C life or e?.tensed life [see 4.7.14.1). Mhen tested as
speciffed in 4.7.14, capacitors shall ■eet the following requirements:

At +Z5” C:

DC leakage -,- - - - - - Shall not ●xceed the applicable value specified
[see 3.1).

Capacitance- - - - - - - Shall change not ●ore than $10 percent from the

Ofssipation factor - - -
value obtained when ●easured as specified in 4.7.5.
Shall not exceed the applicable value specified
(see 3.1).

At ●85” C:

OC leakage ------- ~~;~13n:~ ●xceed the applicable value specified
. .

At +125”c:

OCleak.sge ------- Shall not exceed the applicable walue specified
(see 3.1).

Mhen capacitors are tested as specified in 4.7.15, the
fm~~~~ed%’%%%%unting surface or ter.inatlons shall beat least 75 percent
covered with a smooth solder coattng and shall exhibit no demetallization or Ieachfng
of the terstnal ends. The remaining 25 percent ■ay contain only small pinholes or
?cGq!! Sp.?ts, these shall not be concentrated in one area. In case of dfspute, the
percentage of coverage with pinholes or rough spots shall be determined by actual
measurement of these areas, as Corn Pared to the total area.

3.19 Resistance to solvents. When tested as specified fn 4.7.16, ●arking sha17
remain leglbl e and shall not smear, and capacitors shall ●eet the following
requirements:

OC leakage -------- Shall not exceed the requirement specified fn 3.7.
Capacitance- - - - - - . - Shall change not ● ore than ●2 percent from the

initial ●easured value.
Dissipation factor - - - - Shall not exceed the requirement specified in 3.9.

3.2o Uefbull FR level grading (in lieu of 3.6). When tested as specified in
4.7.17, capacitors shall ●xhfbf t decreasing ftil ure rate with respect to tiae as
evidenced by a value of beta (s1 which is less than one; and the instantaneous
failure rate in the last interval shall be no ●ore than the failure rate specffied,
After grading, capacitors shall ●eet the following requirements:

OC leakage -------- Shall not exceed the requirement specified in 3.7.
Capacitance- - - - - - - - Shall be uithin the tolerance specifted (see 3.1).
Ofssipation factor - - - - SIsall not ●xceed the requirement specified in 3.9.

Capacitors tested as specified in 4.7.17 shall be exempt from group A percent
de fectfve tl lowable (POAJ provisions (4.6.1.2) ●nd exempt from 3.17.2.2 extended
lffe (4.7.14.1).

7
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brand.

capacitance.

voltage.

Styles CUR03 and CUR04 capacitors shall be ●arked in ?ccordance with
se~i%} lW#lSTu-1285, and shall be as Specfffed (see 3.1). All styles shalI have
the following information ■arked on the package.

a. “JAN”

b. Rated

c. Rated

d. Capacitance tolerance.

e. Failure rate level symbol.

f. Type designation.

9. Manufacturer’s source code per NIL-sTD.1285.

Polarity ●arking shall be as specified (see 3.1).

3.21.1 “JAN” and “J” marking. The United States Government has adopted, and 1s
exercising Ie itimate control

?
over, the certification ■arts “JAN’ and “J” respectively,

to indicate e ectrical equ<pment, namely, resfstor$, capacitors, electron tubes and
the like, acquired by, or manufactured for use by, or for the Government in accordance
with standard Government specifications. Accordingly, capacitors .scquired to, and
meeting all of, the criteria specified herein and in applicable specification sheets
shall bear the Certification mark ‘JAN’, eXCept that capacitors too small to bear the
Certification mark “JAN” shall beicr the letter “J”. Capacitors furnished under
contracts or orders which either perm<t or requ{re deviation from the conditions or
requirement: specified herein and in applicable specification sheets shall not bear
“JAN” or “J . In the event a capacitor sample fails to ❑eet the requirements of this
specification and the applicable specification sheet, the manufacturer shall remove
the “JAN” or “J” from the sample tested and also fro,a all capacitors represented by
the sample. The Unfted States Government has obtained Certificate of ReQi Strati On No.
504,860 tor the certification ❑ark ‘JAN”.

ex~;~~ed_Mag~~~~ ~~~~~~,shall be PrOcessed !“ such ~ IS~”II,,, that “henthey shall be uniform in qualfty end shall be free
from pits, cracks, rough edges, and other defects that will affect life, S@rV{Ce -
ability, or function, The capacitors shall exhibit no demetalllzation (lift-off) on
the terminat~ons.

All excess flux or solder shall be remaved. Electrical c@nnec -
ti~~~z~~a,%%%~rically co”tinuo”s after $olderinQ.

4. QUALITY ASSURANC[ PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the contract or
purchase order, th e supplier is responsible for the performance of all Inspection
requirements as specified herein. Except as other’w$se specified {n the contract or
purchase order, the supplier ❑ay use his own or any other facilities suitable for the
per foVISanCe of the inspection requirements specified herein, unless disapproved by the
Government. The Government reserves the right to perform any of the inspections set
forth in the specification where such inspections are deemed necessary to assure
supplies and servtces conform to prescribed requirements.

v

4. 1.1 Reliability assurance program. A reliability assurance progras shall be
established and Eatntained in accordance with NIL-S TO-790. Evidence of such
compliance shall be verl fled by the qualifying activity of thfs specification as a
prerequisite for qualification and continued qualification.

4.2 Classification of inspections. The inspections specified IIerein are classified
as follows:

a. Qualification Inspection {see 4.4).
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b. Verification of qualfffcatlon (see 4.5).

c. Quality confOrsance inspection (see 4.61.

4.3 Inspection condtttons and ■ethods.

4.3.1 Condlt40ns. Unless otherwfse specified herein, ?11 inspections shall be
performed in accordance ulth the test conditions specified in the “6ENERAL REQUIRE-
MENTS” of f41L-STD-202.

4.3.2 Methods—.

4.>.2.1 AC measurements. AC ●easurements shall be ❑ade at the frequency specified.
The ■agnituae of he ac voltage shall be equal to or less than 1.0 volt root ●ean
square (rms). The ●aximum dc bias voltage shail be equal to or less than 2.2 volts.

4. 3.2.2 Reference ●easurements. Uhen requi rements are based on comparative
measurements made before and af ter conditi?nin$, the reference ■easurement shall be
considered the last ■easurement ■ade at 2S ●5 C prior to condftfonin

!“
Unless

reference ●easurements have been made wt thin 30 ilays prior to the beg nning of
conditioning, they shall be repeated.

4.3,3 Power su
----W”

Th@ power supply used for life testing shall have a regulation
of *Z percent or ess of the rated voltage. The power source employed for dc leakage
current measurements shall be Stabilized to at least *1OO parts per ■ill iOn. Ouring
measurements there must be no voltage fluctuations of sufficient amplitude to produce
a variation <n the current ❑easurement as read with any dc leakage current tester
used to test capacitors.

4.4 Qualification inspection. Qualification tnspectlon shall be performed at a
laboratory acceptable to the Government (see 6.3) on sample units produced with
equfpment and procedures normally used in production. Qualification approval wll I be

●
based on the successful completion of the tests specffied in table IV, and will not
be ti!thhe!tt pcnc!ing :cnp?~:!~n ef the extended ?!fe test of 4.4’.4.la.

The number and style combinations of capacitors to be subjected
to46~;;tf_~ectto” shall be as speCified in the appendices to this sp.Scifi.a-
tion.

4.4.2 Inspection routine. The sample sha”ll be subjected to the inspections speci -
fjed in t~e Iv in the order shown. All sample unfts shall be subjected to the
inspections of g;oup I. The units successfully completing group I inspection shall
then be divfded as specffied in table IV for groups 1! through VI (or VII) inclusive,
and subjected to the tnspectfons for their particular group; for comb fried V01t09e
group submissions, each type shall be equally represented in each group (see 4.6.1.1).

4. 4.3 Failures. Failures in excess of those allowed fn table IV shall be cause
for refusal to grant qualification approval .

4.4.4 Fil qus.liffcatlon,

Exponential FR qualification shall be in accordance wfth the
ge~~~~!”~ndm~qutrements of f41L-STtI-690 and the followtng detetls:

a. Procedure 1 . Qualification at the initfal FR level. t-R level M of F17SP-60
h 11 1 Sample units shall be subj ●cted to

~n;pec~~~ny~pecified in group VI,
he qualification

table IV Isee 4.4.2). The entire life
test sample shall be continued on test to 10,000 hours as specified in
4.7. 14.1 upon completion of the 2,00i3-hour qualification test.

b. Procedure 11 - Extens40n of qualification to lower FR levels. To extend
qualtf Ication to FR level P, data shall1 be lisited to each voltage group
withfn a specification sheet.

c. Procedure 111 - Maintenance of FR level qualfficdtion.

o

Maintenance period d
of FRSP-10 shall apply. Regardless of the number of production lots

(
produced during thfs perfod, the specified number of unit hours shall be
accumulated to ■aintafn waliffcatiom (see 4.6.1).

9
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TABLL IY. Qualification Inspection.

i
Inspection

!kf!YL!
VO\t;~e-a~ing (exponenti al only , see

..-. ---- ---- .
DCieakage --------- ----
Capacitance ---------- ---
Dfssi ation factor - - - - - - - - -

?Visua and ●echanical examination. -

Group 11

Vibration, high frequency- - - - - -
Thermal shock -------- ----

Group 111

Resistance to soldering heat - - - -
Terminal strength (when specified,

see 3. 11 -------- -----
Moisture resistance- - - - - - - - .

Group lV

Stability at low and high temperatures
Surge voltage (exponential only, see

3.1) -------------- -

w

Life (at*125” C)------- ---

Group VI

Life (at ●85” C) (failure rate) - - -

Group VII

Solderabiljty - . - - - - . - . . - -
Re:::t:::; to solvents (when specified,

---- ..-. ---- -

●quirement
paragraph

3.6

:::

3,; ;93.5,
3.21 and
3.22

3.10
3.11

3.12

3.13
3.14

3.15

3.16

3.17

3.17

3.18

3.19

Method
aragraph

4.7.3
4.7.4
4.7.5
4.7.6

4.1.7
4.7.0

4.7.9

4.7.10
4.7.11

4.7.12

4.7.13

4.7.14

4.7.14

4.7.15

4.7.16

~

sample Ifaiiures
units to belal lowed
inspected I

-

1

}

}

}

}

178

12

18

12

24

102

10

1

1
I

1

~/ For qualification of design changes only, ●anufacturers ■ay submit Ueibull data
instead of groups V and VI test data.

10
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4.4.4.2 Uefbull. Meibull FR qualification will be granted only to ●anufacturers
Mho haVe ac~FR level P in accordance with 4.4.4.1. To extend qualification to
include Me{ bull FR levels, the ●anufacturer shall demonstrate the capability of
Uetbull FR level grading [see 4.7.17), to the qualifying activity.

4.5 Verification of qualification. Every 6 ●onths, the ●anufacturer shall compile
a summary of the results of quali ty Conformance dnSpeCtf OnS and, where applicable,
extended FR test data, In the form of a verification of qualification report, and
forward It to the qualffy!ng act fvfty as the basis of continued qualification
a proval .
~

In addition to the periodic submis$i On of FR test data, the ●anufacturer
s all immediately notify the qualifying activity whenever the FR data indicates that
the ■anufacturer had failed to maintain his qualfffed FR level. Contfnuatfon shall
be based on evfdence that, over the 6-month period, the follow$ng has been ●et:

a.

b.

c.

d,

e.

f.

9.

Verification by the qualifying acttvfty that the ■anufacturer ●eets the
requf resents of HIL-STD-790.

The ●anufacturer has not modiffed the desfgn of the item. Change in design
fncludes but fs not limited to any change of ●aterials or processes.

The specification requirements for the item have not been amended so as to
affect the character of the item.

Lot rejection for group A does not exceed 5 percent or one lot, whichever
fs greater; not applicable to table W.

Requirements for group C are ❑et.

The records of all FR tests combfned per
R, or S FR level has been ❑aintained.

The records of all Uefbull llfe FR tests. . .

style substantiate that the M, P,

ar~ summarized for each. . . . .
spectrtcaclon sneet, stress level, ana acceleration raccor [see cabla vb).

If group C requirements were not met and the ❑anufacturer has taken corrective actfon
sat fsfe.ctory to the Government, the forwarding of the verification of qualification
report ❑ay be delayed untfl wfthln 30 days after completion of retestfng of the
periodic quality conformance tests. In thfs case, the qualifying activity shall be
notffied of thfs condftion wfthin the tfme thqt the or$gfnal verjffcatfon of qualifi-
cation report gas due. All reports shall be certfffed by a responsible company
of f{cf al. The qualifying activfty shall be contacted for the report format.

Faflure to submft the report vithfn 30 days after the end of ●ach 6-month period may
result fn loss of qualification for the product. In addition to the perlodfc
submission of inspection data, the supplier shall immediately notify the qualifying
●ctivity at any time durfng the 6-month perfod that the Inspection data fndicates
faflure of the qual ifled product to ●eet the require faents of the specification.

In the event that no production occurred during the reportfng period, a report shall
be submftted certifying that the tompany stfll has the capabilities and facilities
necessary to produce the ftem. If durfng three consecutive reporting perfods there
has been no production, the manufacturer ●ay be required, at the discretion of the
qualifying actfvfty, to subnft a representative product of ●ach style to testing in
accordance with the qualification Inspection requirements.

● (
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TABLE vA. Group A inspection (exponential distribution).

1 I Q 1ity
Inspection Requirement I Test

levels (percent I
:: fective) v

Paragraph I ●ethod I
I Daragraph I

I

I Subgroup 1

I Voltage .tglng . . . . . .

I

I
I

Subgroup 2
I
I Visual and mechanical
I inspection (external) - .

I
I

Subgroup 3
I
I Stability at law and
I high temperatures - - - -

I Subgroup 4

\ surge v01ta9e .. ----

~1 Twelve un{ts from subgro
ailoue.i.

I ‘“ I All FR levels

I i

/ !
3.6 4.7.3 I 100Z inspection

(
Al I kil level s

I
Major I H ~nor

I
1~1

I I I i
3.1, 3.4, / 4.7.2 / 1.0 (AOL)
3.5, 3.21 I

I 4.0 (AOL) I
7.6 (LO) I 18.0 (LO) I

and 3.22 I I
I Al 1 FR levels I
I I 1

I I
3.15

I
I 4.7.12 I.O (AQL)

7.6 (LQ)

i

I

3.16 I 4.7.13 I 12 ~1 I

3 samples to be submitted to this test, one failure

TABLE VB. Gro IIp A inspection (Ueibull distribution).

I I IInspection I Requirement I
Quality levels (percent /

Test I defective)

Al
I P6ragraph I ●ethod

~ paragraph ~ Al 1 FR levels ~
I
I I i 14ajor I H inor i
I I I I

I I ISubgroup 1 I /

Life (accelerated failure I
rate) ~(--------- I 3.2o / 4.7.17

Subgroup 2 i I

Visual and ❑echanical / /
inspection (external) - - I 3.1, 3.4, I 4.7.2

I 3.5, 3.21 I
I and 3.22

Subgroup 3 ~I, I
Stability at low and I
h!gh temperatures - . - - I 3.15 I 4.1.12

I
I

I I

~ 100X inspection I

I /

I I
1.0 (AQL) I 4.0 (A9L) [

I 7.6 (LQ) I 18.0 ILQ) I

/ Al 1 }R levels I
I I
f Sample I Accept Reject

1~~
~ 13 PCS.

I Ifailures I
I

~7
I

S.lmpl {
I I I I I

ng need only conform to requireme”t~ of 4 6 1 1 1 (exponential distribution).
~1 Exempt from 5% POA; rejects shel 1 not be delive~e~ ~n” the contract or order.

.

● )
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TABLE VC. Meibull grdd{ng failure rate summary.

Burn-fn test voltage Manufacturer

voltage stress level Location

Acceleration factor military style

13
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4.6 @ality conformance inspection.

4. 6.1 Inspection of product for deli vtr~. ]nspectfon of product for delivery o
shall consfst of groups A d inspections. However,
pending the results of gro~~ C tests.

Shi P~ent need not be held

4. 6.1.1 Inspect {on lot.

4. 6.1.1.1 Exponenttil distribution. An inspection lot $hall consist of capacitors
of the same spectfi cation sheet [see 3.1), from the same production line or lines, of
the same basic design, produced under essentially the same conditions, and offered
for inspection during a single ●onth. Capacitors of the same spectficat!on sheet
■ust be ■ttntatned to at least the P level . The capacitance values and voltages
produced shall be represented in the lot in approximately the ratio of production,
Voltage groups shall be as follows:

I --- . . . .- .- - -- . 2 to 20 volts Inclusfve
11 ------------- - 2S to 50 volts inclusive

4.6. 1.1.2 Weibull distribution. An inspection lot shall consist of capacitors of
the same spec?fi cation sheet (see 3.1), voltage rating, design, and nominal
capacitance rating produced in the same case size. Manufacture of all parts in the
lot shall have been started, processed, assembled, and tested as a group. Lot
identity shall be ❑aintained throughout the manufacturing cycle. All anodes shall be
fabricated from a single identifiable powder lot.

4.6. 1.2 Group A ln$pecti on. Group A inspection shall consist of the inspections
specified in table VA or VO, and shall be made on the same set of sample units, in
the order shown.

Th~”~~~~;~~~ ~a~oup 3pshall be i
Sam ling shall be as specified in table VA or table VB.

n accordance with MI L- ST D-105 for special
inspection evel S.4. Statistical sampling and inspection for subgroups 2 and 3
shall be in accordance with MI L- STD. 1D5. The acceptable auality levels iAOL! and
lififtfny quality (Lij) where Pa . 10$ shall be as specified in table VA or taDle ~
VB . At the option of the ❑anufacturer, numerically lower AQL’s ●ay be “Seal as long
as the apecif’ied LQ is not exceeded numerically. Major and ●inor defects shall be as
defined in F’.IL- STO-1O5 and as specified in table VA or VB. For exponential
distribution :

a. The samples selected to form the lot shall be represent.stfve of the case
sizes and voltage groups produced during the sampling period.

b. If, during the 100-percent inspection of subgroup 1 screening requires
that over 5 perCent of the capacitors be discarded, the lot shall be
rejected and shall not be resubmitted. Oefective units obtained from lots
with less than 5 percent defective allowed (POA) ●ay be reworked and
resubmitted only once.

c. A one-percent POA shall apply to all resubmitted lots.

14
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4.6.1 .2.2 Manufacturer’s production Inspection. If the ■anufacturer performs tests
similar to those specified In SUbgrOUp 1, table 7A or table VB, as the final step of
his production process, group A, subgroup 1 tnspect{on ●ay be waived and the data
rcsultfng from the ❑anufacturer’s production tests ●ay be used instead. Authority to
waive the subgroup 1 inspection shall be granted by the qualifying activity only.
The following criteria shall be compiled with:

a.

b.

c,

d.

●.

f.

Tests conducted by the ●anufacturer during production shall be clearly
identical to or more stringent than that specified for subgrOUp 1. Test
conditions shall be equal to or ●ore stringent than those specified for
subgroup 1.

Manufacturer subjects 100 percent of the products supplied under thfs
specification to his production tests.

The parameters measured and the faflure Cr{teria shall be the same or ●ore
stringent than those specified herein.

The lot rejection criteria shall be the same or ■ore stringent than that
apec{fied herein.

The ■anufacturer shatl ■ake available all information concerning the test
procedures and instrumentation used in his production teSts. This data
shall be provided as part of the evaluation required for MI L- STO-790. The
●anufacturer shall also ●ake available to the Government all records of all
detail test data resulting from production tests.

Once approved, the ●anufacturer shall not change the test procedures or
criteria without prior notification and concurrence by the aualffying
activity.

4.6. 1.z.3 O(sposition of sample units. Sample units which have been subjected to

o ~~

subgroup 4 of group A inspection shall not be delivered on the contract or purchase
e?der.

4.6.l.Z.4 ~. *nspectt on lots rejected as a result of faflure to pass
subgroup Z inspect on may be resubmitted for Government acceptance only ff the
●anufacturer per ferns 100-percent inspection on capacitors of the lot for those
characteristics which mere de fectfve and resulted in rejection of lot, removes all
defective unfts and resubmits the lot for quality conformance inspection, Inspection
lots rejected as a result of failure to pass subgroup 3 or subgroup 4 shall not be
resubmf tted. Resubmitted lots shall be kept separate from new lots, ●nd shall be
clearly identified as resubmitted lots.

4.6. 1.3 Group C inspection. Group C inspection shall consist of the tests
specified in table VI. in the order shown. 6roup C inspection shall be ●ade on
sample units selected from inspection lots uhich have passed group A inspection;
however, sample units subjected to surge voltage sh-11 not be used.

4.6.1 .3.1 Sam lin
-+-W

There shall be 89 $ample units of ●ach specification
sheet taken from pro uct on ●very 2 ●onths ●nd subdivided ●s specified for the
subgroups listed in table VI and subjected to the tests specified im those subgroups,
in the order shown. The maximum ●nd ●inimum case sfzes manufactured during that
●onth sha Tl be represented in the saaple in at ?e-st the Zpprosimate ratio of
production. Allowable failures shall be as apecifled in table VI.

4.6.1 .3. Z Oispositfon of sample units. Sample units which have been subjected to
group C Inspection shall not be del ivered on the contract or order.

15
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4.6. 1.3.3 Noncompliance. If a sample unit fails to pass group C inspection, the
supplier shall take COrr.SCt{Ve action on the ●aterials or processes or both, as
warranted, and on all units of product which can be corrected and whfch were manufac-
tured under essentially the same conditions, with essentially the same ■aterials, v

processes, etc. , and which are considered subject to the same failure. Acceptance of
the prOduct shall be discontinued until corrective action, acceptable to the 6over”.
ment has been taken. After the corrective action has been taken, group C inspection
shall be repeated on additional saaple units (all inspections or the i“spectio” that
the original sample fa{led, at the option of the Government). 6rou PS A and B inspec.
tions may be reinstituted; however, final acceptance shall be withheld until the
group C refnspectton has shown that the corrective &cttan uas successful. in the
+vent of failure after reinspection, information Concerning the failure and corrective
actfon taken shall be furnished to the cogntzant inspection tctivity and the
qualifying activity.

4.6.2 Inspection of packaginq. The $amplfng and inspection of the preservation,
packin , and

?
contatner ■ark lng shall be in accordance with the requirements of

NIL-C- 90.28.

TAflLE V1. 6roup C inspection.

Inspection / Requirement / Method
I paragraph j paragraph

Subgroup 1 I I

Vibration, high frequency - - - I 3.10 1 4.7.7
Thermal shock ------- --l 3.11 I 4.7. B

Subgroup 11 I I

Resistance to soldering heat- - I 3.12 i 4.7.9
Termlnai strength {when
specified, see 3.1) - - - - - - I 3.13 I 4.7.10
Moisture resistance . . . - . . I 3.14 I 4.7.11

I
Sub9r0up 111

Life [2,000 hrs at +125” c]- . .
I

3.17 I 4.7.14

Subgroup IV I I

Life (10,000 hrs at ?85” C) FR I
(exponential only)- - - - - - - I 3.17 :I 4.7.14.1

I I
Subgroup V

Solderability - - - - - - - - - i 3.18 / 4.7.15
Resistance to solvents (when
specified, see 3.1) - - - - - - I 3.19 ! 4.7.16

D. of saapl e
units to be
inspected

12

18

24

25 ■lnlmum
per style

10

no. of
ai)ures
llowed

1

1

)

1

See
4.4.4.1

0

0,

I
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4.7 Methods of inspection and test.● 4. 7.1 140unttng for testinq. Mounting is optional for test ●nv~ronments; however,
when s ecffied in the test procedures, the chip capacitors shall be ■ounted on a

fsuf tab e substrate (e. g., 96 percent alumina). The substrzte ●atertal shall be such
that {t shall not. be cause of, nor contribute to, failure of any test for which ft
■ay be used. The capacitors shall be ●ounted on the substrate as follows:

a.

b.

c.

,, d.

e.

A substrate shall be prepared with ■etallized surface land areas of proper
spacing to permit ●ounting of chips by soldiering the terminations of the
chips to the “test card- land areas.

Solder paste, type “R” or “RMA” In accordance stith QQ-S-571. shtll be
eppl ied to ter_lnal S or substrates as applicable.

The chip shall then be placed across the ●eta Ilized lend areas of the test
substr~te so as to make contact between chip and substrate land areas.

The substrate shall then be pltced in or on ● suittble he-t transfer unit
(molten solder, ho} plate, tunnel oven, etc. ,) with the temPer~ture ■afn-
tained at 26o C *5 C for 2 ●inutes -O, +30 seconds, until the solder paste
melts and reflows forming a homogeneous solder bond to the ■etal lized
substrate.

Al 1 excess flux or solder shall be removed.

4. 7.2 Visual and ❑echanical inspection. Capacitors shall be examined to verify
that the materials, design, construction, physical dimensions, marking, and workman-
ship are in accordance with the applicable requirements (See 3.4, 3.5, 3.ZI, and
3.22).

4.7.3 Voltage aging (exponential only) (see 3.6). Capacitors shall be subjected
to a minimum of p~rcent of dc rated volt age

●
for 40 hours, ■inimum, at a

te?perat.u,e IJf 85. *5 c. The voltage aging circuit shall have a series resist .snce of
3.0 ohms, maximum. Capacitors shall then be stabilized at room temperature icnd the
dc leakage, capacitance, and dissipation factor shall then be ■easured as specified
in 4.1.4, 4.7.5, and 4.7.6, respectively.

VCI;;lJ *%+%%’F#{%%+$tcable test temperature (see 3.1), after a .aximum
OC leakage shall be ■easured using the dc rated

electrification period of 5 ❑inutes. A 1,000-ohm resistor shall be placed in series
with the capacitor to l~n!it the charging CUWent. A steady source of power, such as
a regulated power SUP PI.V, shall be used. Unless otherwise specified (see 3.1),
measurement accuracy shall be within ●2 percent or 0.02 microampere (PAI, whichever
is greater (see 4.3.31.

4.7.5 Capacitance (see 3.8). Capacitors shall be tested in accordance with ■ethod
305 of MI1-sro-zoz. Unless otherwise specified (see 3.1), the following details
shall apply:

a. Test frequency: 120 *5 hertz (Hz).

b. Limit of accuracy: Measurement accuracy shall be within *2 percent of the
reading.

c. Magnftude of polar izin9 v01ta9e: Maximum dc bias shall be 2.2 volts for
all ac measurements. The ■agnitude of the ac voltage shall be limited to
1.0 volt root mean square (rss).

4. 7.6 Dissipation factor (see 3.9). The dissipation factor shall be ●easured at a
frequency of 120 *5 Hz (unless otherwise specified, see 3.1) by 8eans of a polarized
capacitance bridge. The bridge shall provide a dial reading accuracy of 0.1 perCent
dissipation factor and a ■easuring accuracy of * (2 percent of the ■easured dissipa-
tion factor Plus 0.1 percent).

17
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Vibration, hfgh fre~ncy (see 3.10). Capacitors shall bt tested in accord-
h ■ethod of NIL- -202. The foflouing details and es.ceptfons shall ●

a. Mounting of specimens: Capacitors shall be ■ounted on a substrate as
spec!ffed in 4.7.1.

b. Electrical-load conditions: Ouring the test, the specified dc rated voltage
[see 3.1) shall be applied to the capacitors.

c. Test condition letter: O (ZO g).

d. Ouratfon and direction of ●otion: 4 hours in each of two ●utually perpen-
dicular directions (total of 8 hours), one parallel and the other perpen-
dicular to the axis.

●✎ Measurements during vibration: During the last cycle, an electrical
●easurement shall be ●ade to determine intermittent operation or open. or
short-circuiting. Ob$ervatlons shall also be ●ade to determine intermittent
contact or arcing or open- or short-circuiting. Oetecting equfpment shall be
sufficiently sensitive to detect any Interruption wtth a duration of 0.5
■ill isecond (ins), or greater,

f. Measurements after vibration: Not applicable.

9. Examination after test: Capacitors shall be visually examined for evfde”ce
of ●echanical damage.

4.7.8 Thermal shock (see 3.11]. Capacitors shall be ttsted in accordance with
●ethod 107 of HIL. STO-ZOZ, The following details and exception shall apply:

a. M0Untfn9 of specimens: Capacitors shall be mounted on a sub Str.ste as
specified In 4.7.1.

b. Test condlt(on letter: B.

c. Measurements after thermal shock: DC leakage, capacitance, and disslpr,tion
factor shall be measured as specified in 4.7.4, 4.7,5, and 4.7.6,
respectively.

d. EXaIIinati On after test: Capacitors shall be visually examined for ●violence
Of harmful cOFFosi on, ■echanical damage, and obliteration of sarking (if
applicable.

4.7.9 Resistance to soldering heat (see 3.12). Capacitors shall be tested in
accordance wfth ■ethod 10 of 141L-STO-202. The following details and ●xception shall
apply:

b.

c.

d.

e.

Mounting of specimens: Capacitors shall be ■ounted on a substrate as
specified in 4.7.1.

Test condition letter: E or B, as specffied (see 3.1).

Coollng time prfor to ●easurement after test: klot applicable.

Examination after test: Capacitors sh~ll be visual Iy ●xamined for evidence
of ■echanic&l damage.

Oepth of fmmersion in molten solder; Leads shall be incsersed to within .250
Inch of the ctse.

18

Source: https://assist.dla.mil -- Downloaded: 2016-11-25T14:26Z
Check the source to verify that this is the current version before use.



MI L-C-553658

o

4.7.10 Tersinal strength (when specified, see 3.1)( see 3.13). Capacitors shall be

(. tested in accordance with
aPPIY. unless otherwise sp:~if;ed (se: 3.1): - “

11 Slu LUL 1ne foil owing details shall

a. Test conditfon letter: A, the body of the capac~tor shall be secured;
0.5 pound appl ted force.

b. Test condition letter: C, 0.5 pound applied force.

After the test, Cispacftors shtll be v!sually examined. for loosening of the terminals
and permanent damage to the terminals.

4.7.11 Moisture resistance (see 3.14). Capacitors shall be tested fn accordance
with ●etho~ 10b of ml’.--.1 e to~louing details and exceptions shall apply:

a. Mounting of specimens: Capacitors shall be ■ounted on a substrate es
specified in 4.7.1.

b. Initial ■easurements: Capacitance as specified in 4.7.5.

c. Number of cycles: 20 continuous cycles except that steps 7a and 7b shall be
omitted.

d. Loading voltage: Not applicable.

e. Final ❑easurements: After removal from chamber, capacitors shall be dried
for 1 hour at room temperature and, within the next hour, dc leakage,
capacitance, and dissipation factor shall be measured as specified in 4.7.4,
4.7.5, and 4.7.6, respectively.

f. Examination after test: Capacitors shall be visually examined for evidence
of harmful corrosion, mechanical damage, and obliteration of marking (if
applicable).

4.7.12 Stability at low and high temperatures isee 3.i Si. Capacitors snaii be
dried at ‘~f ❑inutes, prior test. OC leakage,
Capacitance, and ~~ssfpat;on factor shall then”b~ ;[as~red as specified in 4.7.4,
4.7.5, and 4.7.6, respectively, at each of the temperatures specified in table’ till,
except that dc leakage measurements at -55*C (step 2) are not required. The
capacitors shall be brought to thermal stability at each test temperature. Thermal
stability will have been reached when no further change in capacitance is observed
between two successive ●easurements taken at 1S +2, -O ■inute intervals.

TABLE VII. Temperature for stability test.

i ~ Step ~ Test temperature ~

ili +25 ●2 I
-55 +0, -3

;; / +25 ●2 /
141 +85 ‘4, -O

+125 +4, -O
~:1

I
+25 ●2

4.7.13 Surge voltage (see 3.16). Capacitors shall be subjected to 1,000 cycles of
the applica e sur e.vo
cycltng shat! be +~5 *~~t?e ~~~;f[~~fe’~h~~;l~o~;ist of a 30 ‘2, -O second surge

The ambirnt temperature during

tion shalf be made through a resistor of 33 ohms. The tolerance of th~”)~tf~t~tplica-
voltage a pl ication followed by a 30 +2, -O second dfscharge period.

e

shall be ●5 percent. Each surge voltage cycle shall be performed in such a ■anner

(

that the CaPaCitOP is shorted terminal to terminal through a copper bar, or an
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equivalent low resistance at the end of the 30 ●2, -O second application. An
alternate ❑ethod of shorting the capacitors is discharge through the same resistance
that is utilized for charging. After the final cycle, the capacitors shall be
stabilized at the inspection conditions specified in 4.3, and the dc leakage,
capacitance, and dissipation factor shall be measured as specif!ed tn 4.7.4, 4.7.5,
and 4.7.6, respectively.

4.7.14 Life [see 3.17). Capacitors shal! be tested in accordance with ■ethod 108
of NIL- STO- 202. The following details and exceptions shall apply:

a. Method of mounting: As specified {n 4.7.1,

b. Test temperature and tolerance:

(1) For qualification: Capacitors being sub~ected to the test of group V of
table IV shall be tested at +125” +4, -O C. Capacitors being subjfcted
to the test of group VI of table IV sh*ll be tested at +85 +4, -0 C.

(2) ;;rcgroup C [2,000-hour proof): Capacitors shall be tested at ●125” +4,

c. Operating conditions: OC rated voltage [see 3.1) or derated voltage at
*125° C [see table I), as applicable, shall be applied gradually (not to
exceed 5 minutes either by a slow butldup of the voltage or through a
resistor which shall be shorted out within 5 ■inUte S). Voltage shall be
applied continuously, except for measurement periods. The impedance of the
voltage source, as seen from the term fnc+ls of each capacitor, shall not
exceed 3 ohms. Storage batteries or an ●lectronic power supply capable of
supplying at least 1 ampere when a ciipacftor is shorted shall be used.

d. Test condftion letter: F (Z,000 hours).

e, Measurements dur{ng exposure: OC leakage at the applicable high test
tellper~tlJre ~h~ll be m~*~tJr~d :S ..-. <+ {-A !S 4,?.4 =$ c; 24s .48, .0 h$ur: ;
1,000 +48,

---------
-0 hours; and 2,oOO +72, -O hours.

f. Measurements after exposure: Capacitors shall be returned to the inspection
conditions specified in 4.3, and visually ●xamined for ●violence of mechanical
damage; dc leakage, capacitance, and dissipation factor shall then be
measured as specified in 4.7.4, 4.7.5, and 4.7.6, respectively.

4.7. 14.1 Extended life (exponential only]. Capacitors shall be tested as
specified fn 4 14 except the test temperature shal 1 be +85 +4, -0 C, and the
duration of te~t” shill be 10,000 hours. OC leakage shall be ■easured as specified in
4. 7.4 at +85° C at O; 24o +48, -0 hours; 1,000 +48. -0 hours; 2,000 +72, -0 hours; and
every 2,000 hours thereafter until i0,000 +96, -O hours have ●lapsed. Final
measurements shall be in accordance with 4.7.14f.

4.7.15 Solderability [see 3.18). Capacitors shall be tested in accordance with
■ethod 208 of MI L-STO-ZO? 140untfng surfaces $hall be dipped to cover the normal
■ount~ng surfaces. After’ the test, the ■etal lized ●dges shall be exaained.

4.7.16 Resistance to solvents (when speclffed, see 3.1) [see 3.19). Capacitors
shall be tested in accordance with ●ethod 215 of MI L- STD-202. The following
●xceptions shall apply:

a. 8rushing fs not required.

o)

b. Measurements after test: OC leakage, capacitance, and dissipation factor
shall be ■easured as specified in 4.7.4, 4.7.5, and 4.7.6, respectively.
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,(

4.7.17 Neibul) FR level gradfng (see 3.20). Ca acftors shall be tested in
accordance wlrn tnoa iue 01 MI L-~-W<. 1’fhe fo lowing detafls and except ton shall
apply:

a.

b.

c.

d.

e.

f.

9.

h.

i.

J.

k.

1.

Distance of temperature from specimens, in inches: Not applicable.

Method of ■ounting: Capicttors shall be ●ounted by their terminc.t{ons.

lest temperature and tolerance: +85° C ●4”, -O” C.

Operating conditions: Accelerated dc volta9e as applicable (see table
VIII), shall be appljed gradually (not to exceed 5 minutes by a SIOW
buildu D of the voltage). Maxfmu* acceleration, 20,000:1. Voltage shall be
aPpl ied Continuously, except for failure count periods. The impedance of
the voltage source, as seen from the term fnals of each capacitor, shall not
●xceed one ohm. An electronic power $U ly capable of supplying at leest 5
●mperes when a capacitor 1s shorted sha !? be used.

Minimum sample size for ●onitoring at beginnin9 of test prior to infant
mortal period: 300 pieces, or 100 percent, whichever is leSS.

Ouration of test: 40 hours ●inimum.

Timin9: Infant ●ortal period x] X2

●

o 15 minutes 2 hours 40 hours
=8X Imum m$nimum ●in$mum

Failure de fin ftfon: A faflure is defined as a blown fuse or equivalent.

Failure count during test: The lot size (see 4.6.1.1.2) to be graded is
estebl! shed efter re=c~al cf .?0ss defective [Inftnt mortality) (15
minutes ●aximum). The first ?aflure count shal? be performed at least 2
hours after the test uas started. The number of blown fuses and the tine
under test shall be recorded to within ●0.1 hour. Calculate the fraction
failed, p , at time, xl, see equation 4 (6.7.2). Optfonal Iy, 141L-STO-690,

\table 11 RSP-90 may be used to compute the failure rate base on the
accelerated part hours 9enerated when C . 0, (see examDles A and B, 6.7.2).

Failure count after test: A failure “count shall be performed ●fter 40
hours ■inimum after the test was started. The number of blown fuses and
the time under test shall be recorded to within :0.1 hour. Calculate the
cumulative fraction failed, PZ, at tine, XZ, see equation 4 (6.7.2).

Lot failure rate: Oetermine Z [t) fro- ●quation 3 (6.7.1). If the desired
failure rate has been achieved, the lot may be removed from test.

Continuation grading: If the desired failure rate h-s not been reached,
the lot may be continued on test. The time to reech the failure rate 9oal
may be determined from ●quation 5 [6.7.2). If the time calculated to reach
the goal failure rate is excessive, the lot ■ay be discarded in favor of a
new lot.

Measurements after exDOsure: Capacitors shtll be removed from the test. be
stdbfl Ized at room ambient conditions (see 4.3) and the dc leaka9e,
capacitance and dissipation factor, shall be ●easured as specified in
4.7.4, 4.7.5, and 4.7.6, respectively.

5. PACKAGING

5.1 Pt,cka9fng requirements. The requirements for packt9fng shall be in accordance
with t4i~-C-39028.
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6. NOTES

6.1 Intended use. Tantalum chip capacitors are intended to be used {“ thin or
thick f]lm hybrid circuits where ●icrocircui try is indicated. They are not intended
for replacement purposes, therefore, no Interchangeability or substitution data are
offered.

6.2 Ordering data. Acqu{ sitton documents should specify the following:

6.2.1 Acquisition requirements.

a. Title, number, and date of this specification.

b. Title, number, and date of the applicable specification sheet, and the
complete type designation (see 3.1).

“,!i’be-”
~/ Uith respect to products requiring qualification, awards

or products which are 4t the time set for opening of bids,
qual if fed for inclusion in the applicable qualified products list, whether or not
such products have actually been so listed by that date. The attention of the
suppliers is called to this requirement, and ●anufacturers are urged to arrange to
have the products that they propose to offer to the Federal Government, tested for
qualification, in order that they ■ay be ●liglble to be awarded contracts or orders
for the products covered by this specification. The activity responsible for the
qualified products list is US Army Laboratory Command; however, information
pertaining to qualification of products ❑ay be obtained from the Oefense Electronics
Supply Center (OESC-E) , 1507 Wilmington Pike, Oayton, Ohio 45444. .

6.4 Standard capacitor types. Equipment designers should refer to MI L-STO-198,
“Capacitors, Selection and Use of, ” for standard capacitor types and selected values
chosen from this specification. MI L- STO-198 provides a selection of standard
capacitors for new equipment design.

5.5 Stiperzc::!efi 66:z. . . . . . . . . . . AC ~~!: . ...4+{..* <on ,:~~~a~er:~ !,. ~!gp~r$~~e. . . . . . . . . . . . . ...!...,.. !

the capac!t or types and styles of ●quivalent capacitance, capacitance tolerance,
voltage rating, case size, and failure rate level covered under MI L-C-55365A (see
3.1). For failure rate levels B, C, D, and E the superseding specification changes
the ●ethod for calculating failure rate. The reliability of the capacitors made
agafnst the specification has not changed. The superseding specification requires
lot-by-lot assessment of failure re.te in place of a statistical process average.
Qualified ■anufacturers ■ay ■ark exponential failure rate dash numbers on parts that
have been Weibull graded to levels B, C, O, or E. Items havfng a Weibull failure
~lt; level (FRL) ■ay be substituted for items of an ●xponential FRL as shown in table

Uefbull FR determination is based on lot by lot 100Z quality conformance
accelerated failure rate lffe testing. For ●xample :

2500 capacitors have a voltage rating [Vr) of SO V dc.
x 40 hours Neibull life test at 65 V dc. voltage applied (Va).

X279.1496 acceleration factor for Val Vr . 1.3000.
accelerated part hours.

● ’

21 so 6 “Provisions Goverr,tng Qualification, ” is issued for the information of-- .
applicants requesting qualification of products. Copies of this publication
■ay be obtained from the Commanding Officer, Naval Publications and Forms
Center, 5801 Tabor Avenue, Philadelphia, Pennsylvania 19120.
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● (,
ueibull FRLs are determined from actual lot performance data. Exponeotlal FRL
determination stdrt S uith several production lots which ❑ay be included tn the same
inspection lot. For example, 4 production lots of 2,5oO capacitors have .s voltd9e
rating of 50 V dc ●re offered for Inspection in the same inspection lot.

10,000
X40

110
X2000

m

10
X9760

m

capacitors uith a voltage rating (Yr) of 50 V dc.
hours voltage condlttoning at 50 V dc ●inimum.
part hours, however, exponent f&l lot voltage conditioning per fOrDance
data are not used to determine FRLS.

sasples are drawn from the inspection lot of 10,000 capacitors.
hours group C life test at 50 V dc voltage applled.
part hours, however, data accumulated and used. to determine FULS.

samples selected upon competing each group C inspection.
hours continuation life testing to 10,000 hours.
rated condit$on part hours for FRL ●aintenance.

Exponential FRLs are based on the ag re ate averages of t few s~mples drawn from ■any
!!lots ●eint.iined in ●ccordance with M L- 10-690.

TABLE VIII. Failure rate level substitutabilit~.

I Parts qualified to I Are substitutable for 1
I failure rate level I failure rate level I
I I I

o I M, P, R, S, B, and C
! c I U, p, R, S, and B /.

/
I M, P, R, and S

! ~ :,a; i ~nd R I

;I In I

o

,,
I

●
(

6.6 Soldering heat. Caution should be ●xercised when 5Ubj*cting these Un!ts to
soldering heat. Prelieat and soldering exposure times and temperatures should be held
to a ●inimum.

6.7 Meibull FR level determination. Time ordered distribution of failures fOr
solid tantalum ctgacitors is descrf bed by the ISeibull ●quation:

Equation 1

[1X8

F(x) .l-exp. —
a

Uhere: F(x) . cumulative fraction failed [p) at ttme x
s. . actual test time
s - Uefbull “shape paraaeter” (beta)
* . Ueibull “scale parlmeter”

This relationship ■ay b! plotted on graph paper which is constructed with In x as
A

abscissae and in in ~ as ordinates. Auxiliary scales allow plottlng .sand P
dfrectly. A strslght line is obtained. The slope of this line is s, and the Y-
intercept is -ln a. Figure 1 illustrate a typfcal Meibull PlOt.

At an time x, values for s and P can be obtained and the lot failure rate Z (xl ●ay
{be ca culated from Equation 3. A second plot of fa!lure rate versus time ■ay be

drafted as tndicated on figure 2. The slope of this line is B-1. Acceptable
capacitor lots always exhibit decreasing failure rate iiith respect to time as
●videnced by a value of B which is less than unity.
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I x, 10 X2 100 I 000
FAILURE Tlh!E, X

------- .
tlwl(t 1. iypicai neibuil piot.

I

F1GuR5 2.

.—— ——10 I00

FAILURE TIME, X

Failure rate versus time.
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●
6. 1.1 Acceleration factors.

(

In order to provfde the ●quivalent of several thousand
hoUr S Of ttStfng Wfthi n a practical time frame, voltage acceleration is employed. It
has been determined that the application of voltage in excess of rated voltage
produces a higher fat lure rate than that observed when the devices are operated at
the nominal voltage ratfng. On the Meibull plot, a strafght Itne, parallel to the
line represent~ng rated voltage is obtained. The increased number of faflures
indicated by the lfne representing the higher voltage results from increased
dielectric stress. The slopes (LIf of both lines are ●ssentially the sa.e, but the
time (x) required to produce any specified P is reduced as voltage is increased. As
a result, acceleration factors ■ay be specfffed which define the relationship between
operation at rated voltage and Opera tfon at higher-than-rated voltages. For example,
a lot of capacitors having a voltage rattng of 50 V dc ■ight be tested at 65 V dc.
In thfs case, the ratio of a ljed volts e to rated voltage Is 1.30, resultin

!
~ in a“

tcceleratton factor (Al of 2??. In prac ical terns, operation of these capac tors
for 1 hour at 65 V dc is ●quivalent to operatjon at 50 V dc for 279 hours. This
relationship ●ay be ●athematically represented as:

Equation 2

Z(t

In conjunction with EQuation

Equation 3

.

1,

z(t) .

B C.-1 1
Z(AX) . — x .—

a A

this function may be restated as:

-0 In(l-p) 105
F. —

x A

●
The 105 factor allows for expression of Z(t) in terms of percent per
:,OQ!J *cur: =~ch ~ ~er.g~e$ ~c,~r$, ?ehle IX flTustrates a range of
acceleration factors normally used for Uei bull FR determination.

6. 7.2 Grading calculations.
specified jn 4.1.11, he slope

On the basis
between these

of fajlure counts at XI
points is calculated as

and X2 as
follows:

Equation 4

8= 1,1,(+)- 1,1.(+)

lnx2 - lnxl

The failure rate at time xz is then determined from Equation 3:

-6 in (1-pz) x 105
FZ .

~24

If additional grading time fs requfred to reach the desired faflure rate, the required
tine Xg ■ay be determined aS follows:

Equation 5

in Fg - in F2
in Xg . + In x2

6- 1
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Equation 6

Va
A. 7.03412025 x10-9 ●18.772493zl x
A . Acceleration factor -y--
e . N?tural logarithm

;& . Accelerated voltage
P . Rated voltage

TABLE IX. Nominal acceleration factors.

I 1.5276 i 20;000;0000

~1 Va . accelerated voltage;
Vr . rated voltage.

Examples: A. 880 capacitors tested at a grading stress level of 1.2300 [75.0139
acceleration factor) for 40 hours resulted in zero faf lures.

Sail (7S.0i39 X 40) . 2,640,489 Rog?s
c-o

FR = 8 leve} (M IL-s T2)-690 FRSP.90)

B. 1,350 capacitors tested at a grading stress level of 1.3300 (490.2535
acceleration factor) for 40 hours resulted in zero failures.

1,350 {490.2535 x 40) . 26,473,689 hours
C.o

FR . C level (t41L-sTo-690 FRsp.90)

c. 400 capacitors tested at a grading stress level of 1.4000 (1824.3823
acceleration factor) for 40 hours resulted in 1 failure at XI; no
additional failures at x2.

400 (1824.3823 x 40) . 29,190,117 hours
C.1

FR . B level (M IL. sTO-690 FRSP-90)

o, 100 capacitors tested at ● grading stress level of 1.4000 (1824.3823
acceleration factor) for 41 hours resulted in 3 failures at xl; no
additional faf lures ●t XZ.

100 (1824.3823 X 41) . 7,479,967 .43o
C.3

FR . B level (141L-STO-690 FRSP-90)

OR assume one additional failure at xz
xl = 2 hours
X2 . 41 hours

F’1 = .03
~2 : i::4 3823
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1
in In *- ln in ~

8.
in X2 . in XI

1
. lnln~. in 1. %

ln41 - In

. in in 1.041666 . in In 1.030928
-.

. -3.1985499 - (-3.4913617)

s 0.2928118 . 0.096944

-5 in (1. P2) 105
FRL .

-0.096944 in [.96)10S
.

x2~ 41 (1824.3823)

-0.096944 (-0.040822)105
. . 0.000000053 x 105

74799.67

“ !$%%ours

To compute hours needed to serffy 0.001% per 1,000 hours FRL:

in X9 .

X2 *
.

:? .
F9 .

in Xg .

.

.

.

Xg .

In Fg . in F2
+ in x2

8-1

hours at point 2
hours to test (goal )

~~;;;~~dr;% f~v~? (goal)

in (0.001) - in (0.00531

-0.903056

-6.9077553 - (-5.2400485)

-0.903056

+ in 41

* 3.713572

-1.6677o68 , s ,i3572

-0.903056 “

1.8467369 + 3.713572 . 5.5603089

259.90 hours
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6.7.3 Ueibull grading ■ethod. After determln~ng the lot failure rate per 4.7.17
the bdlanCe Ot the 10t (when applicable) should be tested to the same voltage
acceleration conditions as the ■oni tored test samples. These units shall then be
subjected to the 100-percent electrical tests shown (n table YE,

6.8 Subject term (key word) listin~.

Capacitor
Chip
Established reliability
Tantalum
Ueibull

6.9 Changes from previous issue. Asterisks are not used in this revision to
identify changes with respect to the previous issue, due to the extensiveness of
changes.

the

28
Source: https://assist.dla.mil -- Downloaded: 2016-11-25T14:26Z

Check the source to verify that this is the current version before use.



0(

HIL.C-55365B

APPElioIx A

PROCEDURES FOR QUALIFICATION

10. sCOPE

INsPECTION

10.1 This appendix detafls the procedures for submission of samples, with related
data, for Qualiffcat!on inspection of capacitors covered by this specification. The
procedures for extending qualification of the required sample to other capacftor$
covered by thfs specification are also outlined herein.

20. SUBMISS1ON

20.1 ~.

20.1.1 Single-style submission. A sample consisting of sample units of the highest
capacitance value in ●ac

h ‘“’’age !’O”!
in each style for which qualification fs

sought shall be subsitted (see tab e X .

TABLE X. Combined-voltage submission.

I
/ Style; Type .lestgnation

I I I
~/ ] Number of units ~ Rated W01ta9e I

I I
I CUR03 i CURO-B-1O7-M 3
I and I CURO-J-226-M :; I 20
I CUR04 I CHRO-M-106-N 89 3s \

CWRO-N.335-14 89 I 50

~/ Mhere applicable, complete type designation will include additional
symbols to indicate style, terml?ation finish, and Capacitance
tolerance.

20.2 Certification of ●aterial. When submitting samples for qualification, the
supplfer shall submit certification, In duplicate, that the ●aterials used jn his
components are in accordance ulth the &ppl iCable specff$cat$on requirements.

20.3 Description of items. The contractor shall subnft a detafled de$criptfon of
the capaclt Ors befng subml t{●d for inspection, including body, coating, electrode
materfal , ter81ndl leads. etc.

30. EXTENT OF QUALIFICATION

30.1 Single-style submission. Capacitance-range qualification wfll be restricted
to values equal to ana less han the capacitance value submitted. Capacitance -tOler -
ance qualfftcation will be restricted to tolerances ●qual to and wtder than the
tolerance submitted. Voltage rating qualification will be restricted to that
submitted.

30.2 Cosbined-voltage submission. Capacitance-range qualification will be
restricted to values equal to and fess than the capacitance value submitted. Capaci-
tance-tolerance qualification 11111 be restricted to tolerances equal to ●nd wfder
than the tolerance submitted. Voltage rating qualification wfll be restricted to
those submitted.
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APPENDIx B

PROCEDURES FOR QUALIFICATION INSPECTION
(UEIJULL OISTRIBUTION)

10. SCOPE

10.1 Ueibull FR level Qualification. Ueibull failure rate qualification will be
extended only to manufacturers who have achieved the P level faf lure rate in
accordance with 4.4.4. To ●xtend qualification to include Meibull failure rate
level , the ●anufacturer stIall certify and demonstrate the capability of w~ibull FR
level grading (see 4.7.17) to the qualifying activity.

10.2 Ueibull ualificatfon sample submission. A sample consisting of 89 sample
units of the hi~~est capacl tance value in O- and 20-volt ratings (35- and lS-volt
ratings for CUR O) in ●ech case size for each $pe~fff~atf~” sheet for ~hi~h
qualification is sought shall be submitted.
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● ( Custodians:
Army - F.R
Ihvy - Ec
Air Force - 85

Revfeu activities:
navy - SIi
Air ~o;ge - 17, 99
DLA

●
(

Preparing activity:
Army - ER

Agent:
(ILA - ES

(Project 5910-1561)

User activities:
#&vy - As, CC, uC, OS
Air Force - 11, 19
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